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ABSTRACT

This report presents the results of a study of vibration
data obtained by Jet Propulsion Laboratory in two series

of tests of an electronic assembly from the Mariner C
spacecraft, In one series of tests, the electronic assembly

:was mounted in a conventional vibration test fixture; in the

other series of tests, the assembly was mounted in the space-
craft, The results of the study can be divided into two
categories: vresults regarding the averaging of large '
collections of wvibration data, and results concerning the
differences between assembly-level and spacecraft-level
vibration tests, The report also contains some recommendations
for future random Qibration tests of aerospace structures,
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- COMPARISON OF FIXTURE AND SPACECRAFT VIBRATION
’ TESTS OF A MARINER C ELECTRONIC ASSEMBLY

I, INTRODUCTION

In the development of the Mariner C spacecraft, Jet Propulsion
Lavoratory obtained a large collection of vibration data

in two series of vibration tests of an electronic assembly.

In one series of tests, the assembly was mounted in the

. spacecraft (Fig. 1) and in the other series of tests the

Q assembly was mounted in a test fixture (Fig. 2). 1In each

£ series of tests, vibration measurements at some 35 positions
= on the assembly were obtained at several test levels for ,
- A both random and sinusoidal excitatlion, along three orthogonél
excitation axes. |

% | ‘ This report presents the results of an engilneering study | §
) of the vibration data obtained in the two series of tests. j
" This study was conducted by Bolt Beranek and Newman Inc., j
; but the data manipulations were performed primarily by |
B JPL peréonnel utilizing JPL computational facilities.
w The primary objective of the data study was to compare
£ the vibration environment of the electronic assembly
in the spacecraft and fixture series of tests. Differences
in both the assembly vibration characteristics and vibration
levels between the two serles of tests were investigated.
A large part of the data study concerned the formulation
o of different averaging techniques involving averages over
uniform spatial regions, similar components, measurement

axes, excitatlion axes, ete.

Part II of the report déScribes the electronic assembly,
test configurations; and vibration data. Part III sum-
marizeg the results of the study and Part IV contains a
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- detailed study of the electronic assembly vibration environ-

: ment in the two types of tests, Finally, Part V presents

- some recommendations for future vibration tests of complex
structures,

“ . - P
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= II, DESCRIPTION OF ELECTRONIC ASSEMBLY, TEST CONFIGURATIONS,
AND VIBRATION DATA

A, Electronic Assembly

The electronic assembly consists of 20 module bdards, which
contain electronic circuitry, mounted to a flat chassis
plate, The module boards are shown in Fige, 2 and 3, and
the chassis plate (with accelerometers attached) is shown
in Fig. 1. The chassis plate measures approximately 18

, and 20 inches on the sides, and the module boards measure
w ‘ approximately 6 inches on a side.

o : ‘Accelerometers for response measurement are located in the
‘proximity of modules A, B, G, D, and E shown in Fig. 2,

For each of these module boards, accelerometers are located
in three different regions of the assembly:' on the back

side of the chassis plate (Fig. 1), on the module board

ears where the boards are attached to mounting racks (Fig. 2),
and on the face of the module boards (Fig. 3). It should

be pointed out that all of these response accelerometers

72 are positioned so as to measure speclfically the vibration
" environment of the electronic components rather than the
- general vibration environment of the entire assembly. The

accelerometers on the chassis plate and the module ears are
triaxial, but the accelerometers on the module boards
measure only vibration perpendicular to the boards.

& | B. Test Configurations

In the spacecraft tests, the electronic assembly is mounted
.in the Mariner C Structural Test Model Spacecraft as shown
in Pig., 1. The spacecraft, complete with adapter, is
mounted on a ring-frame-type fixture which is attached to
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the mechanical shaker., In the spacecraft test, the exci-
tation levels are controlled by the average response of
six accelerometers oriented along each of the three exci-
tation axes and positioned around the cilrcumference of the
ring~-frame fixture,

In the fixture test, the electronic assembly is mounted in
s conventional vibration test fixture as shown in Fig. 2.
The excitation levels in the fixture test are controlled by
a single accelerometer oriented along each of the three
excitation axes and attached to the fixture. Thus, the
locations of the accelerometers used to control the excl-
tation levels'are quite different 'in the two types of -
tests.

C. Vibration Data

The vibration response data provided by JPL consisted of
power spectral density plots in the case of random exci-
tation, and amplitude vs frequency plots in the case of
sine-sweep excitation. The power spectral density data
covered a frequency range from 100 to 2000 Hz and were
plotted vs a logarithmic frequency scale, whereas the

'sine—sweep data covered a frequency range from 30 to 2000 Hz

but were plotted vs a liﬁear frequency scale. The power
spectral density data were also available in digital form
so that averaging and other manipulations could be per-
formed automatically. |

Data were avallable for 24 different runs which included
low- and high-level random and low- and high-level sine-
sweep excitation along three different axes, in both the
spacecraft and fixture series of tests. Approximately 48

T
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£ piezoelectric accelerometer instrumentation channels were

5 recorded for each run. All response accelerometers, except
those used for excitation control, were in the same position
in the spacecraft and fixture tests.
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III, SUMMARY OF THE RESULTS OF THE 3TUDY

A, Averaging Large Collections of Vibration Data

The results of the data study can be grouped into two cate-
gories, The first category of results concerns methods of
averaging large amounts of vibration data to reduce the
volume of data and obtain consistent significant trends,
This data study resulted from the realizatlon that some sort
of averaging was necegsary to reduce the volume of vibratlon
data and to bring forth the most lmportant features of the
assembly vibration behavior, However, at the onset of the

‘program, we did not know how much sophisticatlon in the
.averaglng technlques would be necessary 1n order to bring out

the important vibration characteristics and to minimize the
noise associated with fine-scale details, '

The results of the study indicate that surprisingly little
sophlstlcation is necessary for effective averaging, For
example, the gross average spectra (averaged over all spatlal
regions, measurement axes, and excitatilon axes) shown in

Fig. 4, illustrate many lmportant features of the assembly
vibration environment that could not be discerned readilly
from any single measurement, Our results also indicate

that more complex averaging techniques (in which different
spatial regions, measurement axes, and excitation axes were
treated separately) reveal surprisingly little new information
not contalned 1n the gross average spectra of Fig, 4, Thus,
it appears that a "law of diminishing returns" governs the
results of the various averaging technigues employed,

. Of course, one might argue that the electronic assembly shown

in Fig, 2 is a relatively simple structure compared to other
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aerosgspace structures (or in some cases, ensembles of
structures) which are of interest in vibration data analysis

programs,

However, even in cases involving more complex structures,
it seems reasonable that the first cut in the data analysils
might well be a very gross average of all the data, These
gross averages will often suggest examination of individual
measurements or formulation of more detalled averages,

It is of additional interest to note that random excitation
data were used to compute the average spectra shown 1n

Fig. 4, since the sinusoidal data were not available in-
digital form, "The study indicates that the results of
random excitation tests can be used efficlently to investi-
gate the vibration characteristics of complex structures,

B, Differences Between Assembly-Level and Spacecraft-
Level Vibration Tests

The second category of results 1s concerned wlth under-
standing the differences in the vibration behavior of

the assembly between the fixture and spacecraft tests.
Figure 4 illustrates some of the differences in the vibra-
tion environment in the two types of test, and Table I

~on page 20 summarizes the results of a more detailed

investigation of the differences,

Referring to Fig. 4, the large peak at approximately 1200 Hz
in the average response spectrum for the fixture test is '
associated with resonance of the test fixture, and thus is
not characteristic of the assembly vibration., In the fixture
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test the average response spectrum is characterized by six
regponse peaks in the frequency range from 350 to 700 Hz and
then a roll-off in response of approximately 12 dB/octave

at higher frequencles, These slx peaks are .assoclated with
the fundamental plate-mode resonances of the electronic
modules (Fig. 3). The chassls plate (Fig, 1) to which these
modules are attached acts to couple these module modes
together and split the regonance frequencies apart, It 1s
interesting to note that the 12 dB/octave roll-off in the
response at high frequencies corresponds to the theoretical
result for the response of plate modes exclted above resonance
by motion of the supports, '

In the spacecraft tests, the average response spectrum in

Fig, 4 indicates that the overall spacecraft modes super-
impose on the low—frequehcy end of the assembly vibration |
spectrum, and an attenuvation assoclated with the vibrationi

“transmission through the spacecraft structure superim@oses{

on the high-frequency portion of the gpectrum, The resulté
of more detalled averaging indilicate that the directlion of '

‘the excitation becomes insignificant in the spacecraft«levél

tests, particularly at the higher frequencies, The results
also indicate that at low frequencies the variation in the
assembly response 1s less in the spacecraft tests than in
the fixture tests,

The study suggests some recommendations for more realistic
fixture-mounted tests of individual assemblies in future
spacecraft programs, Flgure 4 indicates that future assembly-
level tests should have increased welght at low frequencies

in order to be equilvalent to spacecraft-level tests. The

test results also suggest a means of avoiding the problems

-assoclated with fixture resonance in fubture assembly-level

,”8“
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tests. In the spacecraft tests the structure holding the
assembly has a complex modal pattern throughout most of the
frequency range of interest. This suggests that a comparable
"multimodal"” mounting be utilized in future assembly-level
tests. It is not difficult to visualize such a supporting
structure, and some model experiments along these lines have
been performed.g/ Additional recommendations for future
random vibration tests are contained in the final section

of this report. ‘
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IV, DETAILED INVESTIGATION OF THE ELECTRONIC ASSEMBLY
VIBRATION ENVIRONMENT

The vibration environment of the electronic assemnbly was
explored in some detall by treating different spatial regions,
measurement axes, and excitation axes individually in the
response averages. The spatial regions considered are the
chassis plate, the module ears, and the module boards. No
distinction is made among measurements on the five different
modules, so that in every case the results represent the
average Vibration environment of all the modules.

A, Comparison of the Resonance Characteristics in the Two

Tests

Fixture Tests - (Figs. 5,6, and 7) Figure 5 1llustrates

the average response spectra of the chassis plate for
different exciltation and measurement axes in the fixture
random exeltation tests., In each case the excitation and
measurement axes coincide. The large peak at approximately
1200 Hz occurs only for x sxis excitation. The fact that
the 1200 Hz peak is characteristic of one excitation axis
in the fixture tests and is absent in the spacecraft tests
suggests strongly that this peak is associated with a
fixture resonance.,

The five peaks between 350.and 700 Hz in the y axis

response of Fig, 5 are very distinct. These peaks are
associated with resonance of the fundamental plate-modes-

of the module boards. (In experiments conducted athPL,

the fundamental mode of a typical module board was found

to resonate at approximately 380 Hz.) Since Fig. 5 indilcates
that excitation normal to the chassis plate is a good

=3 Q=
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exciter of the module modes, the chassis plate must be
strongly coupled to the module modes in this frequency
range. The multiplicity of peaks between 350 and 700 Hz
may reflect splitting in the resonance frequencies of the
various boards introduced by the chassis plate coupling.
The x- and z-axls responses in Fig. 5 indicate that the
chassis plate remains stif'f in its own plane over the
entire frequency range of interest.

Figure 6 shows the average response spectra at different
positions on the module boards in the fixture random
excitation tests. Notice that the data represent an
average over excitation axes, but the measurement axis is
perpendicular to the boards in every case. We have labeled
the three accelerometer positions shown in Fig. 3 as base,
center, and tip -- from the bottom of the page to the top.
The base position is near the chassis plate and the tip
position is near the cantilevered end of the module,

|

|

meter positions are identlcal at low frequencies, indicatlng
that the module boards move as rigid bodies. In the fre-

"quency range of the module board fundamental resonances,

Fig. 6 indicates that the response amplitude of the module
voards decreases as one moves from the tip to the base. ,
The module boards, therefore, behave as if they are canti-
levered from the chassis plate. (The module board frames
are bolted to the chassis plate and to the mounting racks
at the module ears.,) It is not difficult to envision a

set of modes in which the module boards vibrate like canti-
levers, and the chassis plate bending-vibration wavelength
determines the relative phase between the motion of the

-]
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individual modules. At the higher frequencies, the response
spectra in Fig. 6 indicate that the vibration of the module

boards is diffuse,

Figure 7 illustrates the average response spectfa of the

“module boards for different excitation axes in the fixture

random excitation tests. The measurement axis 1s perpendi-
cular to the module boards (z axis) in every case. The peak
in the x and y axis response at approximately 120 Hz is

most likely instrumentatlon noise. At low frequencies the
response to excitation perpendicular to the module boards

(z axis) 1s much greater than the response to excitation

-in the plane of the boards (x and y axis), primarily because
"the response measurements are normal to the boards in every

case, Thus, at low frequencies where the electronieiassembly
moves essentlally as a rigid body, the cross-axis response is
insignificant. However, in the frequency range of the

module board fundamental resonances, excitation normal to

the chassis plate (y axis) is equally effective 1n excilting
the module board response., This result again reflects the
fact that the chassis plate is strongly coupled to the module
boards in this intermediate frequency range.

Spacecraft Tests - (Figs. 8,9, and 10) Figure 8 shows the

average response spectra of the chassls plate for different
excitation and measurement axes in the spacecraft random
excitation tests, In each case the excitation and measure-
ment axes coincide, Notice that the 1200 Hz peak in the
fixture test response 1is absent in the spacecraft test
response. At the lower frequencies, excltation perpendicular

"to the module board (z axis) and perpendicular to the chassis

plate (y axls) are better exciters than excitation in the
plane of the module board and chassis plate (x axis).

~12-
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The peak at approximately 100 Hz in the z axis response must
reflect a spacecraft resonance, since the chassis plate is
stiff in its own plane. All the response curves in the
spacecraft test exhibit several gross low-frequency resonances
superimposed on a roll-off in response with increasing fre-
quency. The response of the assembly in the spacecraft
tests reflects primarily the above-resonance motion of low-
frequency overall-gpacecraft modes, The roll-off in the
assembly response with increasing frequency can be explained
either in terms of high-frequency isolation provided by -
the "soft" spacecraft mounting or in terms of an attenuation
of vibrational energy at high frequencies as one moves away:
from the base of the spacecraft.

Notice from Fig, 8 that the direction of excitation becomes
unimportant in determining the response at frequencies above
approximately 300 Hz. This lack of dependence of the response
on the excitation axis indicates that at frequencies above

300 Hz the excitation at the base of the spacecraft diffuses
in direction by the time it reaches the electronic assembly.
Thus, in random vibration tests of complex structures,
excitation along a single axis is probably sufficient at

high frequencies, '

The absence in Fig. 8.of any pronounced response peaks in
the 350 to 70O Hz frequency range may appear somewhat

- puzzling. One might expect the chassis~plate module-board

modes, evident in the fixture test response of Fig. 5, to
superimpose on the spacecraft resvonse, However, the
spacecraft test results indicate that these modes are not
exclted to any considerable extent in the spacecraft tests,
One explanation for the fact that these modes are not

=.13..
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excited lies in the possibility that the relatively flexible
spacecraft mounting behaves like an incoherent excitation A
source in the frequency range of interest. Previous
researché/ indicates that incoherent vibration fields
(which are characteristic of aerospace structures at
moderately high frequencies) are inefficient sources of
excitation for single degree-of-freedom systems, compared
with coherent vibration sources. The observation that the
spacecraft vibration environment is diffuse above approxi-
mately 300 Hz lends credence to the incoherent source
argument.,

Figure 9 shows the average response spectra at different
positions on the module boards in the spacecraft random
excitation tests. The data represent an average over
excitation axis, but the response axis is perpendicular
to the boards in every case. Figure 9 indicates that the
vibration characteristics of the module boards in the space-
craft test are very similar to the characteristics shown |

boards move as rigid bodies, at intermediate frequencies

they move as cantilevers, and at high frequencies they \

“exhibit a diffuse vibration pattern.

Figure 10 shows the average response spectra of the module
boards for different excitation axes in the spacecraft
random excitation tests, The measurement axis is perpen-
dicular to the module boards in every case. As in the
fixture test, excitation perpendicular to the module boards
is the best exciter at low frequencies., The effectiveness
of z-aXxls excitation at low frequencies reflects in part
the fact that the measurement accelerometers are oriented

~1h-
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along the z axis and in part the fact that z-axls excita-
tion excites the boards inertially. At frequencies above
approximately 400 Hz the direction of excitation again
becomes unimportant, indicating that above its first few
resonances the spacecraft acts to diffuse the excitation
input at the spacecraft adapter. E

B. Response Linearity

Figure 11 presents a comparison of excitation and response
spectrum ratios in the fixture random excitation tests.
The flat line at 4.5 dB represents the ratio of high-level
to low-level excitation spectra, and the response ratio
curves represent the ratio of the responses in high-level

-tests to the responses in low-level tests, Thus, if the
‘system were perfectly linear, the response ratio curves

would coincide with the excitation ratio line. When the
response ratio curves lie below the excitation ratio line,
the results suggest common types of nonlinear behavior such
as hardening spring, amplitude-dependent damping, etc.
When the response ratio curves lie above the excitation
ratio line, the results suggest spurious or unexplained
behavior, Figure 11 indicates that the average response
spectra (averaged over measurement locations, excitation
axes, and measurement axes) of the assembly behave essen-
tially linearly over the frequency range of interest. In |
addition to the ratio of average responses, we have also
plotted in Fig. 11 response ratios for two particular

response measurements which show deviation from the average
linear behavior. However, no explanation of these excep-
tional cases 1s available,

“15=



Report 1384 , v Bolt Beranek and Newman Inc.

Figure 12 presents a comparison of excitation and response
spectrum ratios in the spacecraft random excitation tests.
In the spacecraft test the average response spectra show

a slight nonlinear behavior, predominantly in the low~
frequency range. This nonlinear behavior in the spacecraft
tests at low frequencies possibly reflects the fact that

at low frequencies the specified acceleration levels result
in relatively large motions in some local regions of the
complex spacecraft structure. The response ratios for

two particular measurements which show deviation from the
average response are also plotted in Fig. 12. These parti-

- cular measurements show larger deviation from the average

result than in the fixture tests. The response ratio
measured on the module board for z-axis excitation and
measurement shows strong nonlinearity, whereas the response
ratio measured on the chassis plate for y-axis excitation’
and measurement shows spurious behavior at high frequencies.
Again, no explanation for these particular examples of
nonlinear behavior is available.

C. Comparison of Response Averages and Extremes in the
Two Tests

Figure 13 presents a comparison of the chassis plate response
averages and 95th percentile levels between the fixture andiy

spacecraft random excitation tests., The 95th percéntile
levels are based on a log-riormal distribution. The data

- include different measurement locations, measurement axes,

and excitation axes., Figure 13 indicates that the chassis
plate response data show considerably less scatter in the
spacecraft test than in the fixture test. This result is
not unexpected, since previous researchi/ has shown that
the spatial variation in response is inversely proportional

«16-



Report 1384 Bolt Beranek and Newman Inc.

to the number of randomiy excited modes which contribute to
the response. The result is in the form of a central limit
theorem which states that the variance of the sum will
diminish inversely as the number of contributing terms.
Thus, in the spacecraft test, where a large number of
spacecraft modes can couple into the assembly via the
flexible spacecraft mounting, the variation in response is
small, On the other hand, in the fixture test, where only
the rigid body mode of the fixture is excited, the variation
in response is large. In the case of the chassis plate,
the variation in response in both tests is relatively con-
stant in frequency. |

Figure 14 presents a comparison of the module ear response

- averages and 95th percentile levels between the fixture and

spacecraft random excitation tests. The data include dif=-
ferent measurement 1ocations, measurement axes, and exci- |

‘tation axes. In the case of the module ears, the response

in the fixture test shows more scatter than in the space-

craft test only at low frequenciles -- below approximately

40O Hz., The scatter in the module ear response in the :
spacecraft test is relatively constant in frequency and is

‘similar to the variation in the chassis plate response

shown in Fig. 13. The scatter in the module ear response

in the fixture test decreases with frequency and becomes
comparable with the scatter in the spacecraft test at high
frequencies, This decrease in scatter with frequency
suggésts that at high frequencies, where the bending wave-
length is short, the module ear response becomes insensitive
to the assembly mounting.

: 7
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Figure 15 presents a comparison of the module board
response averages and 95th percentile levels between the
fixture and spacecraft random excitation tests. The data
= include different measurement positions and excitation

= axes. The measurement axis is perpendicular to the module
o boards in every case. In the case of the module boards,

- the scatter in both tests is about the same and in both

§§ cases is relatively constant in frequency. This result

- indicates that the response characteristics of the module

boards are relatively insensitive to the assembly mounting
configuration over the entire frequency range of the tests.
We reached this same conclusion by comparing Figs. 6 and 9.

£ . .D° A Comparative Measure of Test Severity

-Figure 16 shows the ratio of the module:board avefage
response in the spacecraft tesf to the average response in
= the fixture test. The data represent an average over

e measurement positions and excitation axes: The measurement
? axis in every case is perpendicular to the module boards.
Figure 16 indicates that the response of the module boards

: in the spacecraft tests exceeds the response in the fixture
tests at low frequencies, and hencé the fixture tests under-
test the assembly. However, at high frequencies (above

approximately 200 Hz) the response in the fixture tests
exceeds the response in the spacecraft tests, and hence the

= fixture tests over-test the assembly. It is clear that

& \some frequency shaping of the fixture-test exciltation

& spectrum is necessary to achieve realistic assembly-level
. : testing.

The curve in Fig. 16 can also be intefpreted as the spectral
“density levels (in decibels) which must be added to the

-18-
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fixture-test excitation spectrum in order to achieve identical
response of the module boards in the two types of test. The
preceding statement is based on the assumption that the
spacecraft and assembly behave linearly in the two tests.

This assumption seems Justified in the light of the small
deviations from linearity indicated in Figs. 11 and 12.

The fine details of the curve given in Fig., 16 are not lmpor-
tant with regard to future tests. For use in future tests,

a "best fit" line or an envelope of the curve in Fig. 16
would be more reasonable, |

It should be pointed out that even though the proposed
shaping of the excitation spectrum would produce equivalent
response on the module boards in the two tests, the response
of the chassis plate might well be higher in the spacecraft
test. This results from the fact that the chassis plate

is a more efficient exciter (in the sense that more power

is transmitted for the same vibration levels) of the module
boards in the fixture tests, where the excitation is more

 coherent.

The results of this discussion of the differences in the
electronic assembly vibration environments in the fixture
and spacecraft tests are summarized in the following table.

-19-



FIXTURE. TESTS

SPACECRAFT TESTS

.-.Qa..

Pronounced Fixture Resonance

~ IN FIXTURE AND SPACECRAFT TESTS

Pl 1. No Fixture Resonance Problems
C 2, Fixture Provides Coherent . 2, Spacecraft Provides Relatively
h Excitation Incoherent Excitation
i 3, Resonant Response of Module 3., A&bove-Resonance Response of
a Boards Governs Vibration Spacecraft Modes Governs
. Vibration ‘ '
¢ | 4, Excitation Axis is Important
T Except at High Frequencies 4, Excitatior Axis 1s Relatively
i 5. Module Boards Vibrate as Unimportant
3 Rigid Bodies at Low Frequencles, 5. Module Board Vibration Charac-
s as Cantilevers at Intermediate teristics Similar to Those in
£ Frequencies and as a Diffuse Fixture Tests _
i. 'k - Field at High Frequencies 6. Average Response 1is Siightly
“¢: | 6, Average Response 1s Linear Non-linear with Larger Deviatlons
s- with Small Deviations from from Linear Behavior Than in
Linear Behavior Fixture Tests
1, High Levels at Intermediate 1, High Levels at Low Frequenciles
Frequencies 2. Roll-off in Response at
L 2, Roll-off in Response at Frequencies above 100 Hz
3 Frequen01es above 700 Hz 3. Roughly the Same Magnitude
e '3, Relatively Large Variations in Variations in Chassis Plate
1 N Chassis Plate Response but and Module Board Response,
Smaller Varlations in Module . s
s 4, vVariations in Response Falrly
Board Response Uniform with Frequency
L, Variations in Response Decrease
with Increasing Frequency
TABLE I, COMPARISON OF ELECTRONIC ASSEMBLY VIBRATION ENVIRONMENTS
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V. RECOMMENDATIONS FOR FUTURE TESTS

The results of this study suggest the following recommendations
for future hilgh-frequency vibration tests of aerospace
structure: ’

1) Develop and utilize multimodal test fixtures or
mounting structures to avold fixture resonance
problems_and_ to provide more realistic excitation
sources, In spite of considerable effort to design
vibration test fixtures as rigldly as possible, the
first bending resonance of conventional fixtures
often occurs within the frequency range of interest
(approximately 1200 Hz for the Mariner C electronic-
assembly fixture), As Fig, 4 1llustrates, fixture
resonance problems can easily result in exbtremely
misleading vibration data, In addition, as we have
indicated, the coherent source of excitation provided
by a rigid fixture is unrealistic and often results
in severe overtesting,

The fact that resonance problems and coherent rigild
body motlion are not characteristic of typlcal aero-
space structure suggests a means of alleviating these
problems=--~design fixtures of 1light, flexible, multi-
modal construction to simulate aerospace structures,
We have investigated the use of multimodal fixtures
briefly, and the results of our investigation look |
encouraging,
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- ) 2) Shape the excitation spectrum in assembly-level tests
in order to_compensate for the structural filtering

which occurs in spacecraft-level tests and under
inflight excitation conditions, Figure 16 indicates
that mechanical vibration transmission through the
spacecraft results in amplification at low frequencles

and attenuatlon at high frequencles, These results
Indicate that future assembly-level vibratlon tests

on spacecraft like Mariner C should have increased
welght at low frequencies, In contrast, results from
other programs, involving the use of mechanical |
vibration tests to simulate acoustic excitation, indi-
cate that the vibratlion tests should have increased
weight'at high frequencies in order to be equivalent
to acoustic excitation, This apparent contradiction
points out the necessity of understanding the relative
importance of vlibration and acoustic transmission

e paths in future aerospace structures, Some investi-
gatlons of the vibration and acoustic transmission
pathskin the OGO and Surveyor spacecraft are in
progress.ééé/

3) Explolt simplifications in testing procedures which

are afforded by the diffuse property of high~-frequency

vibrations in comnléX‘structures. The results of this
study 1ndicate that in many cases the direction or
exact location of the excitation source 1ls relatively
unimportant in determining the response, These results

suggest that in the future 1t may not be necessary to
perform random vibration tests along three different

excltation axes--a test along only one axis may suffice,
In addition, the possibllity of utilizing a number of
small mechanical shakers attached directly to the test
item should be investigated,
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L) Use experimental data from various spacecraft test

programg to investigate broad-band vibration trans-

misslon in complex structures, Although each space-
craft and vehicle 1s structurally different, we
belleve that the transmission of high-frequency
vibration in complex structures depends largely on
a few characteristic properties of the structure,

W The results from a large number of programs, involving
™ -a wlde range of structural configurations, should be
{5 analyzed to determine the dependence of vibration
transmisslon on such structural properties as: length.
of transmission path, mass of typical elements, .
average modal denslity, and internal damping., The
results of such a data analysis program should include
both average and extreme values of transmission loss
as a function of the most significant structural
characteristics, |

j

& Ny 5) Conduct test programs and data-study programs_con-

| currently, The advantages afforded by combining
experimental and theoretical efforts in an integrated
fashion are well-known, Unfortunately, in the case

of large programs involving many people and a large
amount of equipment, it is not always possible to
realize these advantages fully., However, we recommend

- that preliminary data be analyzed early in test programs
e to suggest additional and more meaningful tests,

L For example, one might average together all the

£ preliminary data from a glven type of test to obtaln

i; : a crude plcture of the vibration behavior such as

that in Fig, 4, .

o | - -23-
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6)

De~emphasize high-freguency sine-sweep tegts.

It 1s well known that random gualificatlon tests
offer several advantages over sine-sweep tests--
for example, random tests are less time consuming
and usually more reallstic. The results of this
study 1ndicate that random excitation can also

be used in dlagnostic tests to uncover the important
vibration characteristics of complex structures

at high frequencies, Of course, random tests

do not provide detailed Informatlon available

from sine-sweep and relative phase data, but at
frequencies much above 200 Hz it is difficult

(and usually unnecessary) to determine the exact
resonance frequencies and mode shapes of complex
structures., In order to make the most efficient
use of test facilities, we recommend that sine-
sweep tests of complex structures not be conducted
in the high frequency range (above a few hundred
hertz). | '
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FIGURE 3.
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